Opinion
Diabetes mellitus is an epidemic disease affecting approximately 415 million people worldwide [1] . Self-monitoring of blood glucose (SMBG) has an integral role in diabetes management, since it helps achieve and maintain glycemic control which may reduce diabetes-related complications [2, 3] and their associated costs [4] . For most people with type 1 diabetes or insulin-treated type 2 diabetes, SMBG is recommended three or more times daily [5] [6] [7] . The recommendations for how often people with non-insulin type 2 diabetes should test their glucose levels are based upon individual factors such as type of treatment (diet, oral medication), level of glycated hemoglobin (HbA1C), and treatment goals. Notably, in people with non-insulin type 2, the International Diabetes Federation (IDF) endorses SMBG as part of ongoing diabetes self-management to assist in better understanding the disease and provide a means to actively and effectively participate in its control and treatment (modify behavioral and pharmacological interventions) [8] . SMBG is also critical to the prevention of type 2 diabetes among individuals with prediabetes [9] . Moreover, glucose monitoring may also be useful in cases of stable glucose levels, as a surveillance tool during periods of stress or if patients are being introduced to a new treatment, nutritional plan and/or exercise regime, or entering a new life experience.
Despite the clinical benefits of glucose self-monitoring, patient compliance to glucose self-monitoring is limited [10, 11] . The low adherence mainly results from the discomfort and pain associated with skin lancing and the complexity of test procedures [12] [13] [14] . Non-invasive glucose monitoring devices for home use aim to overcome the barriers of current invasive glucose monitoring methods by offering a simple, painless and convenient mean to measure glucose levels. The great deal of efforts that have been dedicated to the development of noninvasive glucose monitoring devices is an indicator of where the field of glucose monitoring is heading. However, to date, most of non-invasive technologies lacked sufficient accuracy and failed to operate over a long period of time [15, 16] . Since diabetes prevalence increases every year, with a worldwide estimate of 642 million people in 2040 [1] , a breakthrough in non-invasive glucose monitoring devices is essential to both improve the quality of life of a substantial population of patients and to significantly reduce the social and economic burden of diabetes.
One major reason that so many devices do not succeed to their expected level, is the fact that they only rely on one technology. The technologies used for non-invasive glucose monitoring include optical, transdermal or thermal techniques, each characterized by advantages and limitations. In general, noninvasive approaches suffer from relatively poor sensitivity and specificity to glucose, since the indirectly measured parameters may be affected from physiological factors other than glucose as well as from environmental or time-dependent factors such as temperature and blood pressure, respectively. However, utilizing parallel monitoring of more than one parameter using multisensor systems may improve the overall accuracy, since the combination of different factors provides a more comprehensive evaluation of blood glucose by covering various physical and chemical tissue parameters. For example, a widely studied technology for non-invasive glucose monitoring is near infrared (NIR) spectroscopy [17] . Although this technology has been applied in numerous devices during the past 20 years, none of them have reached the market. Nonetheless, it has recently been demonstrated that combining NIR spectroscopy and electrical impedance spectroscopy enables to predict capillary glucose concentrations more accurately than the performance of each techniques individually [18] , thus opening a new avenue for the development of new non-invasive glucose monitoring devices. Accordingly, the approach of integrating several independent glucose-related technologies has been employed in GlucoTrack® (Integrity Applications, Israel). In this non-invasive device glucose levels are measured from the earlobe using ultrasound (acoustic impedance of the tissue), electromagnetic properties (tissue electrical impedance), and thermal changes (heat capacity of the tissue) [19, 20] . The three independent readings are combined together by a proprietary algorithm, which calculates their weighted average and provides the related tissue glucose value. The translation of the measured signals into glucose readings is achieved by individual calibration, which also reduces the impact of quasi-stable components in the earlobe tissue.
Gluco Track is a Conformité Européene (CE) certified non-invasive glucose monitoring device, intended for people with type 2 diabetes or prediabetes for home and home-alike environments use. Recent clinical studies have demonstrated that glucose assessment from the ear lobe obtained using GlucoTrack has an acceptable accuracy and precision. These results indicate that combining several technologies to non-invasively measure glucose is indeed promising. Furthermore, it has recently been shown that GlucoTrack is easy to use and has high acceptance rates among the diabetes population [21] , two additional key factors for successful market penetration. GlucoTrack, thus, introduces a truly non-invasive device that offers people with type 2 diabetes and prediabetes a novel way to painlessly test glucose levels as often as needed with improved quality of life. From a healthcare professional (HCP) perspective, GlucoTrack provides better insights on patients' glucose patterns as well as facilitates medical adherence. This device, therefore, represents a step forward in diabetes management, revolutionizing selfmonitoring of glucose in people with type 2 diabetes.
In conclusion, the increased necessity for new non-invasive glucose monitoring systems that can be actually used in clinical practice reinforces the need to adopt new technological perspectives that will result in more accurate non-invasive glucose monitoring devices, a major goal that has only been partially fulfilled despite decades of technological advancement. The established performance of GlucoTrack points to a potential paradigm shift from the use of one technology to an integrated glucose prediction based on several independent measurements.
